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NATIONAL‘3.bVI’S”OilY“CtiiMITTEE I’OR&i&iAUzIGS .-
●

e..

bottom end plat-es$rith~eactln~ forces..~$~i.ns-t..th.eend
plates suppli’edby’;ltit-erallyacting roll~efi.‘-~-‘-~- .----..... ..,:,:-----.. -.&,.

The .tas~ speciden”s“wore
--—.

1’7S-Talun<riufi‘~l~”o~‘~%~ai’~.~.”. ‘
0.040 inch thick in panels of 10–inchwidth afid-thraedif-
eront lengths (approximately10, 20, and 3-0in..). “Data
were o%tainedfor the bowing,of,transverseand.longltudi- --
nal ribs of rectangularcross sbction and varying degths ----==—
mountod on one side of tho sheet only, for severa~.fi-atios
of compressionto shear,loa.d.s..Lini,~in.=va~ue.s..o~::j&o
mcin.bh~tS-- Gt.. .%hG&’ij’i% :lrQr c “cal Culatod fr.om.‘t~s~c’.~~eastie- ,-..~--
ments....Tho “b”x”p-qr~m%ntal va%ues exce%~’-~~~ t’lib~ti~~t’t.c~1
WIUGS &’+ah” by T.im’oshenk”ofor th~ c-~s”e,of s~,ih”p}ytiu~-- _ ----
port”edsheets-’with uniform:y dlstributetl~oundary s~l’ossos... .... .... .. .

. . .
Economicaluse of material in structuralpanole ,-....

stiffeaed by ribs requires some moans of determiningthe
● necessaryflexuralrigidity of tho ri~,~..Mqt,hoQ,sfor

calculating the requir&d;’rn6m&~~&Bo~.i“ndrtid bf‘“s’tiff”oning
ribs have been outlinedby Timoshenko (rqfer~,nc.e,1) for

‘* cases of rectangularshoots et’iffo6e&’”%ytrari-s+grs”ti”or
longitudinalribs and loadod iu shear or compress.ion~
The mononts of inertia so,calculatedare thoso~ciiwhich
the ribs remain straightwhen the plate buckles under
load.

-.
------ .. ..-------- .J. .

I
I
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Thure is evidencethat in practicalcases the
requiredrigidityof ribs on sheet panels is greater than
that predicied,hythe approximationtheoryhaeed on
equatingbhe sum of the strain energy of the buckled
plate and that of t’heribs to the work done by the ex-
ternalforces, It is -thereforedesirableto have experi.-
nentallydeterminedl~mitingvalues of Y for the re-
quired moments of inertia.

Data were obtainedon the bowing of ribs of differ-
ent moments of inertiaunder panel loads graduallyin-
creasedto nearly the yield values (asdeterminedfron
preliminary,tests) on each of nine types of rectangular
sheet panels stiffenedby transverseor longitudinalribs
of rectangularcross section,mounted on only ono sido of
the sheet.

This Investigation,conductedat The Pennsylvania
State Co3.lege,was sponsoredby and conductedwith finan-
cial assistancefrom, the NationalAdvisory Committeefor
Aeronautics.

SYMBOLS,

2?estspecimensare identifiedby a code num%er (for
e“xample,11T!2)in which the first digit specifiesthe
length-to-widthratio, the second the number of ribs, and
the last the reciprocalof..the rib depth in Inches; The
letters1!and L are.used to indicateribs in the trans-
verse and longitudinalpo”sition,respectively. The fol-
lowing summarizednotation is substantiallythat used by
Timoshenko.

A cross–sectionalarea of rib
●

a panel length,between screw lines ‘

~t width of rib cross seation (3/8 in,]

B = EI
.-

b panel width, between screw linee

b! depth of rih cross,seotion

bL limiting,value of “b!

,-,
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c 2C = depth of rectangularbeam [equat~og(3))
w

C,c! sheet diagonals (fig.5) .- ,–- -:

dc increase of panel diagonal c t
.—., —.

_dc! decrease &f other panel iiagona~ ,Ct,

D =

z

e

Ge

h

I

K

k.

L

1

L

P

s,

so

T

w

P =

6

A=

E h3”——
12(1 - lJ2)

‘. ,,.
—

., . . . .. . --- —- .-

modulus of elasticity (10.3X 106 ~b/ia~2fOtil~S—Ty
aluminumalloy) ,,. ......

base of Naperian logarithms ~-. . ........-—
.,.. .

effectiveshear modulus
. . .-

thicknessof sheet
.,.

uoment of inertia of rib cross sectionrelativeto
axis through a 1 edge . —.

knife edge
\-‘1. .— ...---

-A..—
knife-edge””di.spl,aceaent, inches .. .-——---—

longitudinaldistancehe~weeu gage”poi.q-ts.(fi&”.5’) “.

Iength.of-%bamhetw.eensuppgrts (eqtition(~))’‘ - -

longitudinalstiffener . —

knife-edgsload, poun”ds
—

slo”peof 6 ,against P curve —

slope of “8 against F “ curve at zero rib thickness

transversestiffener ,
i“

lateral,distancebetween gago ~oints(fig.5)
..

g t ,. . . . .,.. ..-.

b; ,,,. .

deflection“ofr’ibit mid~oitit “ “::‘““’~. 1.~:”......

A--
l)h

.
.



4 NACA TechnicalNote ITO.921
,

Y= .2. panel,in shear (Seereference1, chap. VII.)
aD9

?

j..,

‘L limitingvalue of Y for stiffenerof large rigidity

c mean compressivestrain

A h constant

T shear stress in sheet, shear load-—--—.—.
hb

w %’oissonlsratio (0.33for 176-T aluminumalloy)

APPARATUS,MATERIALS,AND T3ST PROCEDURE

The method used to subject the specimensto combined
compressionand shear is shown schematicallyin figure 1.
The load was applied to the test panel throu~h two knife
edges K and the small rollers r; while reactions
occurredthroughrollers R, eight in numberlocated in
pairs at the four corners of the panel. With the knifo
edges in centralpositions, the panel was subjectedto a
compressiveload, when the knife odgcs wero displaced
laterally,the panel experienceda load of combinedcom-
pressionand shear. When the knife edges were ovor the
vertical line of screws in the side stiffeners, l.twas

“assumed that the loadingwas pure.shear.

r

The frame of the testing jig’was built from struc-
tural steel (figs.2 and 3). The verticalguides for tho
test pan~ls werf3angle irons (5 by 5 by 1 in.) boltod in #
pairs to form TIs in which slots were machinedto receive
the panels. Rigidity of the frame was sopuxedby weldtng
four plates (20 ly 8 hy 1 in.) %etween the verticalmem~ .
hers at the top and %ottom. The fr.amorested on’s base
made from an H-beam (10by 10 in., weighing72 lb/ft) a
between the flanges of which verticalstiffenerscut from
angle iron (4 by 4 %y 1/2 in.) were welded below each of
the upright members of t.h.p.fr.a~st.qR.?ov.i.!e..q.,.r,$gidSUP-

● .

port for them.

#

.

I
.,.n I
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Loads wore applied by a hydraulicjack of T.-t”oncay-
pacity(31ackhawkNfg. Go. 140delC–13-G), moun”tedon”an
upright H—beam bolted to oue side .ofthe frams. .T_hc3jack
was providedw’itha pressm.o gag?”_(@T9@l.ltown Mfg. ~o-)
of 6-inch diametercalibratedt.oread loads fram O to
20,OCO pounds for a ld-544--inch--”dian<6t3F–ram.’ The lever”

———

bar was a piece of No. 2 Samson stetil-(6by 1,l)y60 in.,
The CarpenterSteel Co.).~The ru,llerbea”ringused for.~ho
fulcrum of the lever was of“~-inch tiiatiettir‘a”ii_dl–inch .
length (generouslysuppliedby MessiagtirBearings,=Znc.,)*
Knife edges were machinedfrom Stentbr”stee”la-nd”-har~aneq;
while the rollers were cut from drill rod and were ‘luird—
ened.

The,end plates shown in figures.3 and 4_were machined
from tool steel and had a rectangular”“crossse=ction w~th ___
a height of 1: inches. Rollers. Ii of 3/8-inch diameter
wero recessed in the en& plates to hear against the up—
right guides of”the..tg.st.ingjig... _._-.. —.

9
The panels testedwere of_18-ga~e.17-S-Z!aluminumalloy

of commercialgrade made by tho Aluminum Company of America,
. cut so that the direction of rolling was along the (verti— -

cal) directionof Ioading$n the jig. The stiffo~ing rfbe
“andthe side stiffener-s“werem-illed.fro-mZ-?’S”-T!bar stock.
Side stiffenerswere cut to”b“ut’tcleatily““againstthe“end
platosa The fit of the pan”elin”““t%-&S1-ot-of the vertical
steel guides was w’ithin0.005 inch,”hut bbe”.specimen-could

-.

be pushed along the_guides by ha+d. ‘k list_Of”she_ety_~imen-
. sions and sketches of the nine typr+sof-’patiel

..—
‘~estedare

shown in ta%le I and in figure “5. — -—..-—..—

The ‘bowingof the “stiffeningribs .WQS.measurod%y
dial gages (FederalProducts”Corp’.Hodel D–8-IS, full”jew-
eled) mountedas shown iiifi”gur”e“2,c“onneotedto the”ri-bs
by means of 30—gagealuminum wire. Dial gages-also-war-e ,-

used to.obtaindata oh the”effectiveshear “modulus.- For
this purpose they wore rnount.edalorfgthe diagonalsof the
sheet panels as-shown irl””figures-2, 3, an-d‘5, C:o-bn8-C-tioas

....

being made with 26—gagQ aluminum wire.“

,., ,
,. . . . . --7

=.x . . . .

The validity of these measurements‘depen”dso-nthre”@
factors: correct calibrationof’the gaged ‘use&to-aIOa-SUrQ
loads and deformations, a rigid frame of r.eferencofor” the
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deformationmeasurements,and .negliglblefrictionbetween
sheet panel and guides.and in’tjhe,jloadingsystom~

-c-

Dial’gages were checkedagaf.nsta Gaortnorgompa_ra-
tor.’ Those of the full jeweled..type.were found to give
reproduciblereadingsunder the,c.ondi.tiopsof .USQ_w.h_e-nthe
a,luminumwire was directedalong the ax~s ol-~”thogage..
The calibrationof ~he jack gagp w&.6che.c.ke$a~a$~.s-!Q .
Orosby dead-weightgage tester.and a.c-orrectioncurve
drawn. Load.meaeurementsare Judgedto bo accura”towith-
in 50 younds and deformationmeasurementswithin 0.003
inch.

A satisfactorycheck was made of the rigidity of the
jig by s.uhstituting.forthe alun!.inurntest panel a stool
plate of 7/16-inchthicknessand applyingthe maximum
load to be used .inthe tests, .

RESULTSAND ANALYSIS .

LimitingValues of Gamma
.

Dataof .bowing,aga.instknife-edgeload were obtained ,*.
f.onseveraldepths of stiffeningribs and for positionsof
the.knife edges,ranging from.,pure comPre.s.s!onto practi-
cally pure shear, .Wh,enp.lQtted,the data of.bo,wing(6) .;

againstload (PI)resulted in smooth curveswith fairly
well definedslopes-.Curves obtainedfrom a sequenceof
five differentknife-edgepo6itions.a_howa regular decrease
in slope with decreasifigvalues of the ratio”“ofShe= t-o
cornpressiontThe.ranggof values of the slope is much less
for sheetswith lQngit,udinalribs tihanfor thosewith
transverseribs, l!he,secharacteristicsare.8.hewn.bythe
sample curves of figur,os6.and ’71for the 21T4 and 21L4
sheet-s,respectively~ A regular decrease in slope iS
observed.,withincreasingqoment of inertia o.fthe ribs? a
as is illustratedby Figure 8. Valuee of the S1OPGS deter– I
mined from the graphs of 6 ..againstP are.listed in
table II* .,

It was hoped originallythat Southwelllsmethod (ref- .?
erence 2) might he applied to the determinationof the
limitingvalues of the moment of inertia,but after trial
the method was set aside, a,swere-severalempiricalmeth-

.%6

,ods, in favor of the following. ‘

Trial showed that the relation
..-

.

.1
~
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S = So e–.Abf -“ (1)
..-

holilssatisfactorilyfor the stiffeningribs that are not
too deep.. The limitingvalue of rib depth was therefore
definedas the value of. h! for which S is equal to
So/e. In almost all cases the linitingvalue of rib depthl
as definedabove, occurredin the ~egi~fiin ~hf~~ ‘th~-.
relation (equation(1))was valid within the linits of the
experimentalerror. a

The procedurefor finding the liaitingvalues of the
rib depth bL was to plot the logarithmsof the slopes
of the 6~agaiust-Fcurves against the rib thickneaq h~l
The intercepton the logarithmicaxistyielded So and
the values of b~ then were read directlyfron the curves.
Owing to limitationof data, it was helpful in nany cases
t? plot S ‘against br to serve as a guide in properly
weightingdata.

Illustrativecur;es of S against b! and log $
against b! are given in figures 9 to 11. l!a%le111
lists the summary of the limiting%QIU6S of Y olitaine~
as explainedpreviously,with pertinent informationfor
all panels. Figure 13 and table IV list Timoshenkols
values of Y against P, taken from reference 1, fOr
sinply supportedpanels with uniform boundary stresses.
Figures 14 to 16 show the experimentallydeterminedval-
ues of Y for the particularpanels of this report plot-
ted along with related value&-giyenby .Timoshenko.The
moments of inertia of the ribs from which the values of
Y were calculatedwere obtainedfrom the relation

neglectingthe effect of the associatedsheet, the screw
holes, and the screws that held the rib to the sheet.

Since it was a priori questionablewhether the cal-
culated values of the rib moments of inertiawere ‘i-de
good,n the effectivevalues were measuredfor a particu-
lar case for each thickness of rib. TO the rib there was
attached a strip of 0.040 inch 1’7S-Tsheet 1.22 inches
wide, using 6-32 %rass screws spaced 3/4 inch between cen—
ters just as in the experimentalpanelsi The stiffener
was then supportedhorizontallybetween knife edges 23.6
inchesapart and loadedat the center to produco bowing
in the same se,nseas that exp~riencedon the test panels -
that is, with the rib concave toward the sheet, placing
the screw holes in compressions..



.

For a concentratedl’”oadP .on a beam, the maximum
(central)deflectionis gtven 3Y (reference3)

For each rib the defl~ctionscorresponding-tpsovoraldi.f–
ferent loads w~r~ measuredby a ni.cronet~rsorew,and a~or-
ago values of I were calculatedfrom equation (31).
Theso representeffectivemoments of inertiafor the rib
plus a strip of sheetof .Midthapproximately15 times tho
sheet thicknesson’eachside of its contor lLuo. ‘Those
effectivevalues are comparedwith the moments of inertia
calculatedfor the ribs plus shoot relative.totheir neu-
tral axis in tablo V, which also includesfor convonionco
the valuas 1/3“aib13A In figure 12 the effoctivomononts
of inertia,andcalculatedvalues rolativo to the neutral
axis aro shown as ordinateswith the 1/3 a *b‘3 values as
abscissas. Tho values of A = A/bh for tho ribs also are
given in table V,

.

--

-,

.

s

*
-,

.

~ffoctiveShear Modulus
,*

Values of tho effective.shenr modulusworo obtai.sod”
for each of the nine sheet.panelsusing stiffonorsof
various dopths~ These were.based oa shear measurononts
mado with dial gages attachedby tabs to tho lowor ends
of tho sido stiffonors (fig.3) and connoctodby aluninum
wire to measure the changes in the lengths of the sheet
diagonals (fig.5). The shear strainwas calculfitod.fron
the relation

Y=
c(dc-dcl)------—-- —

2 ab (4)

Graphs of shear stressagainst strainworo drawn,
such as figure 17, and th~ shear moduli takcu as tho val-
ues of the S1OPOS‘ofsac’antsdrawn from tho origin to
points on the curves correspondingto stresses of 1000,
2000, and 3000 pounds por square“inch,respectively.
Those shear .uodulitogethorwith values of th~ paranotor
h/b ~’ are”presontodin ta~lo.VI.

--

.-

t

-a

-.

1
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The data listed in tab,leVI for unstiffe.nedsheets
repr~sentpreliqi.nary,neasuronontsof shear taken“hG”f”orti
the sheetwas dril>od. for,ri%s. Thus-.llTOand llLO .rep–
resent’sinilar, unstiffenodshee~s and should havo equal
noduli, .

.. .....-

.-.’llffectof.Bendingaf S$de Stiffeners —

The method in which the sheet.paneJswore supported
in tho testing jig pe’rnitteda possibleboying of the
side stiffenerstoward the centbr”bf th,epanel”.

.——
The.gag= ““

nitude.of:this ‘bowingand its ,effec”twere investigat”o.d.~.“.
A iVhi.tteHore gagk WaS used to span the sheet &nel_-@d-%~o
r~easurethe slig”ht:bending of the.side “s~iffQners tOward
each.otheras the..sheet was loaded..,.with “a.30-inck Sheet
without ribs and.,at~-thehig,hestlo@E , tho naxinun inward
bending of the sidQ.stiffenors was dbout 0.002inch for
compressiveloading (k = 0) a~d abotit0.025 inch for shear

. loading (k = 10”~). ... -.
. .

. “Useof Sp”rdaders“
.. . -—

.. ,. .-
To study the effect of restrainingthe inward%owih~” ,,--

of the side stiffeners,,steel spre,ado~swere -de Of bill
rod providedwith bnd pieces rlachinod~o”.b<ea?agains!_the
side,stiffenersof the s“he~tpanci’w~thotitt“otichingthe
sheot~ The&e”wereattached as “shbwnin figure 3. With .. –.-.
two such spreadersspaced symmetricallyon each 6ido of
the 30-inch.pagol,,the naxinun inwardbowigg of the side
stiffenerswas”about 0.001””inchfoi”compressivelb ding
and a%out 0.013 inch for shear load~ng,. .-

Measurene~ts of‘ribbo~ing and”of’~hear “of the sh~et.
panels,were u“de wit,~and wit”bou’t“spr@aitbrs“forall shoots
except those having long’i~udinal“ri%s.too ‘deepto P~r~ft -

● clearance of the spreaders. As tian’yaa four pairs of
spreaderswere used (33T“shee*”), placed n-5dwaybetweentho
transverseribs. These measurementsshowod that the effoc’-

. ,tive shear notluluso“fa sheet was imcreasedabout 5 p-er-c~”ht
by the presence of the spreaders. It was not sensitiveto
the placing of .th.espreaders or th”eGxtQn’tto whic~ they
were tigh3.ene”d.eIOn the other knd, the””nagriitudeand ilirec-
tion of the rib bowing w-e greatly infl~eficeaby th-ea-dd”i-–
tion of spreaders. .411dat”areported‘onbowing were tak~n
without spreaders. Insofaras values of effective_shear
noduli are conce-rned,it is concludedthat.th”etestingjig

.
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used yieldedresults subs~anti~llythe same as those that
would bo,obtaihedwith a j~ig’thatprovided tho sido stiff-
eners with continuous’supportagainst inwardbowing.

DISCUSSION. .

LimitingValues of Gamma and Moment of—Inertia

Figures 14 to 16 show the principalresults, A silil-
ilarity existsbetween th”eexperimentalvalues for the
particularpanels of this report and Timoshenkotstheo—
retical values for simply supportedpanels with unif”orm
boundary stresses,but the experimentalvalues are “in-all
cases higher. The experimentalpoints are based upon mo-
ments of inertiacomputedby 1/3 a ‘b‘3 without regard to
sheet or screws or screw holes. The use of 1/3 aib13 fol–
lows !l?imoshenko,as shown by example in the referonco
given; its use here is juatif.iedby the evidenceshown in
table V that the effectiveand computedva,luesof the
moments of inertia of the ribs are in quite closeagree-
ment for all ribs up to 1 inch de>th for the particular
case tried.

In the case of longitudinalribs, the exporlmental--WI values shouldbe”expectedto be somewhattoo high qs the,.-,. ~ values were high.for the limitingribs (tables111 and. ,.“ i). . .
.L
.. +’

(“v” It shouldbe emphasizedthat Timoshenkolstheoreti-
cal values for the limitinggam’masare based On.eheet.pan-. ‘
els with all edges s.imply.su~yortedand with uniform
boundary stresses. The experimentalpanels of this report
were not designedto “duplicatethe“conditionsof
Tirnoshenkolscalculationshut were chosenas a feasi%le
case with ifhichto experimentand o,nefor which the results
would have considerablepracticalva”lue~

.,

The comparisondepends on the dofinltionadopted in
the experimentalwoik for+the limitingmoment of inertia.
If a value corresponding-to S./10 were accepted,,.for
instance,much greatervalues would result-.“ ~USt as a
centrallyloa-ded”coluinn“deflects becatiseof lack of ini–
tial Straightness,so these ribs maybe expectedto deflect
at the tnitiallbads as a result of %he imperfectionsof the
sample and the ,eccentricityof the ribs. As will be pointed
out under 3ffectiveShear Kodulus, all sheets as wall as

.

.

.

.

-.
r

1
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.

ribs did show lateraldefl.ectio~ at the initialloads and
anything.correspondingto calculatedcriticalbuckling
stress is quite suppressedand,:not.d&egt%Y o~~e?~ab.lei
Per’haps,as sug~este~urtderthe following section,the”
linttingvalue should be %asedon the attainment“oflin–
iting rigidity,%ut experimentallythis is indirect.

EffectiveShear Modulus
.

I?igure18 and table VII show tho variation cf affec-
tive shear nodulus~or sheet panels against a “para:zctar
defihedas h/b @T as given by Lahde and Wagn~r (.:.3f-
orence 4) togetherwith the exporinentalvalues ohtz~nad
for the panels of this report. The experimentalI.-RL’UOS
plotted are averages,for each paaslj over the ra:.g’~Jf
rib depths egployed. The S1OP(3S of the experinent~”i
curves as drawn are higher than tkose of the theorrtfctil
curve8● For the llT and llL panels, there is Orto.value”-
of Ge higher than that for a panel in pure shoa~t. This
probably results fron tho fact that the ribs and i!icfranc
%race the panel in such a way as.to bring Youngfs ZOLIU2US
into action.

All panels and ribs were in all cases observGdto
start lateral displacementat the lowest loads- Zktis~
theoreticalbuckling load could not.be directlyrcl=.ted
to these observations,a fact whichaccords with other
workers!“results.

Figure 19 and table VIII show how the effocti~eshear
nodulus for each panel varies with the nonent of i~u~tia
of the ribs. This in itselfprovidesa secozd ut-~?:odof
deterainii~gthe linitingrib, and quallth:tlqely?“C2L-0%0+
rates the procedure en,ployedin Lhis report for ~h;~Lining
the Iinit.ingnoaents of inertia. .

.-
.

.

CONCLUSIONS
.

Liniting Gaan~s

.

Since the sheets and the ribs of the Panels ‘ofthis.
report showed lateral deflectionat the initial l-dE.,
sone nethod of defining the linitingrib was nece:3~ary-
When the liaitinggannas for these panels, as”tiht:lxn~~”by
the empiricalnethod for finding the linitingrib depth

—
-L

-.

,
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as d.ovised.inthis report,are plottedas a function of
length-widthratio and braught into juxtapositionto those
obtainadtheoreticallyby Tiuoshonkofor “panelswith all
edges sinply supported.and with uniforn I.?oun.darystrcssee,
a similarityof the relations is obscrvod.~but in all
cases the e.xperinenta~.values are high~r’~. Thg conditions
of sinple edgo supportand uniforn boundary strossoscan—
not be consideredto obtainfor the oxperir.ontalpanolsm

In all casesthe experimentalribs were nountedupOll
only ono ~ide of the”shoot. However,the ribsmy not
have befitwith the.neutralaxis in.tho.pl[~neof the sheet,
thus offeringa naxinun nonent--of ino~tia,as i.sassu~od
by Tinoshenko.

Tho experimentalvalues cover tho cases of yanols in
Compression and In shear with onQ.*O●t.hr”ee.trPnSVCrse
ribs and in compressionand in ~he’arwit-hone,longitudinal
rib.

EffectiveShear Modulus

The exporirzentalvalues of the effoctivoshear (secant)
r.odulusof the panels are .inas.good agree~ontas could be
expectedwith the values publishedby Lahde and”Wagner.

Depart~lentof Physics, ,.
The PennsylvaniaState College, “

State Colloge,Pa., ;Septemler16, 1943.

REFERENCES

1. Tinoshonko,S.: ThQory of Elastic Stability. HcGrcbw-
Hill Book Co., Inc., 1536, pp. 37’8-384,418-

2. Southwell,R. V.: On the Analysis of Xxgoririental
Obsei-vationsin Pro”Dlousof Elastic Stability. Proc.
Roy. SoC. (London),ser.A, vol. 135, 1932, PP. 601-
616s ..

3. Tinoshenko;S.: Theory of Zlasticlty, McGraw-Hill !.
3bok Co., Inc.,.1934,Q. 104. ..

4- Lahde,R., and Wagner, H.: Tests for the Deterninatf.on
of the Stress Conditionin TensionFiorX#si”T.}f.Ho.
809, NACA, 1936.

.

.*

?

.

,

?

.

.

.

h

*

.

-.



NACA.TechnZBa.l,..Note No. 921 13

TABLEI:.-DIN3NSIONSOF!E3Slt!PANXLS
. .
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Sheet
t~e

Sheet
thickness
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O-03928

,040g
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.0403
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10.63

10.63
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llL
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33cc

31L
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#

or mm u FOERIBS

s lIt
Ribcrosssection calculated

(neuu~

“(in.4) x.(in. )
.,.
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I I2.32x10-40.11ljgx 3/13

. ~g.60‘1/4x 3/g

1/2x yf38
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..
,.
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II.-SLOFES03’8 AGAINEA!P- CURV2S
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b.
.

TABL3

Ikl =,.
Sheet
code

llTi
2
4
g

3.2X,IO-G
1“7
4.6 ~
12.5

2.6x 10-6 4.1x 10-6
16 21 ,
20 30

3.6x 10-e
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27~~
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llL1
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8
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21L 1
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22T1
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g
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G
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.

9

,

.

.

*
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2.5
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1;:$

2.1 -

;:;

L3.5
33*5

L
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●5
\
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1.4
5.8

b
.

t + i2.4
9*5 26

b5:3
23.5
wj.o

31L1
2
4
g

19.0 19.0

2
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60
4; 60

.ZI..o
42.5
6g.o
tJ4.o

32T1
2
4
g

2.0 2.6
7.6,g.g 10.4
15.5 19.3

2.6
10.4
25.0

‘ 2.0 ~
4.3
14.3

M

K-k_33T1
2
4

‘8

1*5
1.5
4.3
1100

2.0
4.8
10.5
23.2
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SWY OF CUOULAWIONOFL~llTINGV&l.13!.SOFG- BY EXPI!IRIMINIULMETHOD
. . .... _ -_:. . .. . . .___

Sheet k so s+ “% ‘:.~s lL .,B
code

(in.) (in.) (ino3) (in*A) ‘

llT o 33‘12..5O:;;; 1$;; .~o+ 244 x 10-6 2,510
211? 65 23.9 61.6 “ 65
3SI! 33 12.5 .09 73*‘“ 19.3 ‘9 ?.0

225! o 16.76.150.16!3475 594 6,120
32T 25 9.2-.Ogp 61.5 76.9 . 792

33T o 20.6 7,6 O.lg 3t35 730 ~;goo

llT 1~ 60 22.1 0.3113010 3760 3:,;~
21T 94 34.6 .190 6g6 357
3yr 94 34.6 .174 52g 660 6:goo

22T la 36.513.40,19 6zf6 g60 g,go
32T 59 21.7 .145 306 y32 -: 3,9?0

33T lC+ 36 13.30.24 ly30 1730 17,goo

11.L o 39*614.60.2752090 2610 26,900
21L b6.g 17.2 .47310600 13300
31L

137,000
52.619.4;,.7253f=~ 47700 ,492,000

llL l% ‘●&6--.24.j-’ 0.27 1970 246o 25,400
21L 76 2g.o ●42 7400.~ 9250 95,200
w 104 y3.3 .60 23.600. 27000 2~g,000

. .
.
,

.,

.-. . . . . . . . .,

II’L’-l=:

Z.cf 1
.96 2
1.4 3

y3 1
6.7 2
3.4 3

T6.7 2
2.0 3

9.0 3

T —
41 1
207 2
744.3

Ty3 1
72 2
lb 3

4-

M.’
*
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TABLXIV.-TIMOSHXNKO~SVALUESOFLIMITINGGAMMA2?ORPANELS

WITHSIMPLYSUPFORTEDEDGES
.

Panelincompression~
onetransverserib

4-=+
0.50 12.6
.60 7.1$

,. .70 4039
.go 2.s0
●90 I I.EK?
1.0 I

I
1.”26

1.2” ““ ,433 -
“1.41 0

PaneliIIcompression,
three”trensverseribs

a I B

“’1...”
———

0.60 ‘ 101
,go 42.6
1.0 21.7
1.2 i 12.4
1.4 7.71

Panelin shear,
one‘-rfbtr~sverse
to ‘al)dimension—. -—.

..—.
2

T

0.83
1.5 2~9
1.25 6.3
1 15

* t

Panelin shear,.
tworibstransverse

., to.na! dtiqnsion

.,, $$+ Y=&’‘b -..

3 0.64
2*5 1.37 ““’...

3*53. - .
L .10.7 ...
.1.2 22.6 ;.

[
.—.,. . . . . . . . . m
Panelin compression~
one1on{

B=;”.’
T.-6
1.0
1*4
1.6
2.0

.6
1.0
1.,2
1,6
l.g

.6
*g
1.2
1.4
1.6

@ksl rib.
.3 “ .

‘=-m
. .

.5
. 10

15
20
25

.
—.

*
A= 0.05

,. ...
.

5
10
15
20
25

5
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15
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A = 0.10 ,
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A= 0.20
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TABLEVI.- SUMM&3YOFEFEZCTIV3!SHEAR(SIKM.NT) MODUIIUS

OFPANELSBYXXYERM3NTALMET!HOD
,.

Sheetcode Sheerstress,lb/in.2 1000
-J

“0.38 0.27 I 0.22

llTO

t
2

Z.og x 106 2.52x 106
3:g 3*53

;
3.00

.00 3.66

2;90 2.!30

2
●34

2
,08

●55 .62
3.92 3.62
3.64 3.62

llLO

t
2
1

.

,

.

2.31 l.gj
2.tik 1.91
2.67 2;33
2.76 2.66

ZL!ro I .3
U-4
;:70
3.70

.2.16 1.82–
2.74 2.29
2.67 2.36‘-
2.g6 2.66

21SI0

E
2
1

3.og
3.64
3.50
3.64

A

.

3.6422T0 ‘

i
2

2.22 l.E+j
2.47 2.40
2.40 2i513
3.26 3.2G

3.03
2.5.0
3.W

2.00
2.22
2.gg
2.gg
2.70

31L0

“:
2
1

1.48 1.25
1.91 1.64
2.22 1.94 *
2.3!3 2.16
2.2a 2.13.

31T0

:
2 m -2.35

1.96
2*OO

U -2.04
2.60
2.50

2.M3
2.56
2.2g
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G ● L

ZU.BLEVII,- AV31RAGEVAINXS0~ # OJ?PANELSBY~ERIMENT!&LMETHOD,

Sheet

llT

In

21!J!

21.L

22T

~lL

31T

32T

332

Shearstress.,l%/in.a ..

[
;+ .”..,..

,,

1000 2000 3000——..

omy3 I 0.27 I 0,22

0.440 I o.34g

●455 .356

.363 - ,?&g

.336. .25’2

.315 .’242

.250 .199

.204 .165

.231 ●21X

.227 I ● 2og

I

0.309

●$45

.“212

,222

.244

.177

.160

.M5

*191

.

●

.

,

.



NACA 2echnicalNote No. 921 19

E!DLEVIIIa--VAIIU13SOF I/IL AND Ge, k= IQ, AS PLOTTEDINYIGURE20.

.

IL
(in?)

0.00376

0.0Q246

0.000857

Sheet
code

Rib
thickness

(in.) (i:.4)

G*,
I/IL 9.vseffective$;=- Bhearmodulus

(lb/in*a)

3.36x 106
3,69
3.67—

llT 1.00 0.00
.125
.25

0.00
,000245 ‘
,00196

0.00
.0652
.521

1.00 0.00
.125
.25
.50
1.00.

2.00 0.00

11.L 0.00 0.00
.0996
.76
6.32
50.8

o*00
.2g6
2.29
M.2

3.21

z
.62
.65
4.4Z
4.04

:000245
.00196
.0156
.125

Em? 0.00
.00Q245
.00196
.0156

2.72
2.93
2.90
3.ob .\

.x25

.25
●50

21L 2.00 I 0.00 I o:(x) 0,00925

0.00086

0.0270

0.000660

-0.00
.0265
.’ZL2
1.69
13.5

2.35
2.56
2.84
3*O5
5*53

.
.125 .000245
.25 .00196
a50 .0156.

.
*

~ 1.00 I .125

22Z! 2.00 0.00 C)*OO
.125 .0002@j
.25 .00196
.50 .0156

0.00
,285

2.28
M.1

3.00 O*OCI
.125
.25
.50
1.00

0.00
.0-00245
.00196
.0156
.125

0.00
y00908
.0725

4:2j7

3.58
1.94
2.3a ,
2.51
2.37

3.00 O*OO
.125
●25
.50

0.00
.000245
.00196
.0156

0.00
.371
2.$IT
23.6 .

*

32T 3.00 0.00 0.00
.125 ● 000245

r .25 .00196
950 .0156

33T 3*OO 0.00 0.00
.125 .000245

.00196
:;8 .0356,

+ *9’‘Averagedovertwoveluesonly.

o.000y32

0.00173

O*OO
.641
5.13
X-o.tl

l.gg
2,s5
2.26

0.00
.142
3,13
9.02

2’,04
2.27
2.13
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